We have immunohistochemically investigated P-cadherin (P-CD) expression in a series of 210 infiltrating ductal carcinomas (IDC) in an attempt to assess the biological and prognostic relevance of P-CD in patients harboring IDCs. Although only 74/210 (35%) of IDCs expressed P-CD in >5% of tumor cells (P-CD-positive carcinomas), categorical analyses revealed that P-CD-positive IDCs were larger (26 ؎ 21 cm versus 22 ؎ 11 cm, P ‫؍‬ .0568), of higher histological grade (P ‫؍‬ .0001), and had more lymph node metastases (P ‫؍‬ .0327) than P-CDnegative breast carcinomas. In addition, P-CD-positive tumors were negative for estrogen (P ‫؍‬ .0001) and progesterone receptors (P ‫؍‬ .0001) and showed reduced E-cadherin expression (P ‫؍‬ .0276) more frequently than P-CD-negative tumors. Univariate analysis carried out in 171 patients demonstrated that P-CD expression was also an indicator of poor prognosis ( 2 ‫؍‬ 8.292, P ‫؍‬ .004), extent of lymph node metastasis ( 2 ‫؍‬ 20.854, P ‫؍‬ .0000), histological grade ( 2 ‫؍‬ 12.908, P ‫؍‬ .0016), and negative progesterone receptors ( 2 ‫؍‬ 4.116, P ‫؍‬ .042). However, only histological grade and nodal metastases emerged as independent prognostic markers in the multivariate analysis. These results suggest that although P-CD expression may be involved in the progression of IDCs, its value as an independent prognostic factor remains to be established. KEY WORDS: Breast cancer, E-cadherin, P-cadherin, Prognosis Tumor progression.
E-and P-cadherins (E-and P-CD, respectively) play important roles in maintaining the structural integrity of epithelial tissues. However, the expression pattern of both cadherins is very distinct in most tissues' cells (1) (2) (3) . For example, P-CD expression is restricted to the basal or lower layers of stratified epithelia (1) , suggesting that in addition to maintaining cellular adhesion, P-CD may have other functions in differentiation and cell growth. In adult human mammary gland, P-CD expression is characteristic of myoepithelial cells, whereas E-CD is expressed in epithelial cells (1, 4 -6) . Experimental studies have also suggested a fundamental morphoregulatory role for P-CD during breast development. P-CD expression is characteristic of the stem cells (cap cells), the precursor of myoepithelial cells, which do not express estrogen receptors and have a high proliferation rate and low frequency of apoptosis (7) . In addition, P-CD-deficient mice have anomalous mammary gland development (8) .
The role of P-CD in pathology is poorly understood. Up-regulation of P-cadherin has been demonstrated in inflammatory bowel diseases such as Crohn's disease and ulcerative colitis, in which there was also down-regulation of E-CD (9) . Surprisingly, and in contrast with the numerous published reports dealing with E-CD in human neoplasia, very few studies have analyzed the P-CD expression pattern in large tumor series. In addition, the frequency and biological significance of P-CD expression varies greatly with the primary tumor site (1, 10 -14) . Aberrant P-CD expression is related with cell proliferation and dedifferentiation in breast cancer (5) . In addition, it has recently been reported that P-CD expression is an independent prognostic marker of poor outcome in breast carcinoma (6) . In this study, we analyze the P-CD expression pattern in a large series of infiltrating ductal carcinomas (IDCs) and its relationship with clinicopathological features, E-CD expression, and survival in an attempt to better understand the clinical relevance of P-CD in breast cancer.
MATERIALS AND METHODS

Clinicopathological Data and E-Cadherin Expression
Material for this study was obtained from 210 primary breast carcinomas selected from a cohort of 230 cases in which clinicopathological features (age, tumor size, grade, nodal status, and hormonal receptor status) and E-CD expression pattern had previously been reported (15) . Briefly, the series consisted of 41 (19.5%) Grade 1, 79 (37.6%) Grade 2, and 90 (42.9%) Grade 3 infiltrating ductal carcinomas. Grading of the tumors was based on the recommendations made by Elston (16) . The mean age at presentation was 56 Ϯ 11.8 years (range, 27 to 83 y). The mean tumor size was 2.25 cm (range, 0.6 to 18). Lymph node dissection was performed in 198 patients. Of these patients, 88 (44.6%) were N0, 71 (35.9%) were N1, and 39 (19.5%) were N2. Estrogen and progesterone receptors (ER and PgR) were examined in frozen sections using ER-ICA and PgR-ICA Kits (Abbot Laboratories, North Chicago, IL). Hormonal receptor status was assessed with the Quantitative Estrogen Progesterone application of the CAS 200 Analyzer (Cell Analysis System, Lombard, IL). A tumor was considered to be positive for ER and/or PgR when the positive nuclear area was Ն10% of the total nuclear area. Hormone receptor content was evaluated in 204 tumors: 121 cases (59.3%) were ER positive, and 102 cases (50%) were PgR positive. E-CD expression was evaluated in frozen sections in all but one carcinoma. E-CD expression was estimated semiquantitatively using a composite score obtained by adding the values of the immunoreaction intensity and the relative abundance of E-CD immunoreactive cells. Briefly, the intensity was graded from 0 (equivalent to that of background staining of the acellular stroma) to ϩ3 (intense stain equivalent to that of normal breast epithelium). The abundance of E-CD positive cells was graded from 0 to 4 (0 ϭ Ͻ5% positive cells; 1 ϭ 5 to 25%; 2 ϭ 26 to 50%; 3 ϭ 51 to 75%; 4 ϭ 76 to 100%). Preserved E-CD expression was considered when the composite score was 6 or 7 (102 cases, 48.8% in this series).
P-Cadherin Immunohistochemistry
Immunohistochemistry of P-cadherin was performed by the Envisionϩ/HRP (DAKO A/S, Glostrup, Denmark) method with heat-induced antigen retrieval. Mouse anti-human P-cadherin monoclonal antibody (Transduction Laboratories, Lexington, KY) was applied at a dilution of 1:200. All studied tumor sections also included normal breast tissue as an internal control for P-CD expression. The primary antibody was omitted in negative controls. Immunohistochemical staining was evaluated independently by two pathologists (CG and JP). A tumor was considered to be P-CD positive when at least 5% of the cells showed P-CD immunostaining.
Contingency tests with Yates correction was used to determine the statistical significance of the relationships between P-CD expression and the factors of tumor grade, lymph node metastasis, hormone receptor content, and E-CD expression. ANOVA was used to investigate differences in tumor size. As measures of prognosis, we examined disease-free survival, defined as the time from diagnosis to first recurrence or last contact (censored), and overall survival, defined as the time from diagnosis to death or last contact (censored). Univariate survival curves were estimated using the method of Kaplan and Meier and compared using the log-rank test. Multivariate analysis was done using the Cox's proportional hazards regression model. Statistical analyses were carried out using JMP (Version 3.0.1, SAS Institute, Cary, NC).
RESULTS
P-cadherin was observed in myoepithelial cells in normal breast tissue, but not in acinar or ductal epithelial luminal cells (Fig. 1A) . P-cadherin expression in Ͼ5% of tumor cells was observed in 74 IDC (35%) (P-CD-positive carcinomas). The percentage of positive cells varied from 5 to 100%, but only 35 cases (17%) showed P-CD immunostaining in FIGURE 1. P-cadherin expression in normal breast tissue is restricted to myoepithelial cells (A). P-cadherin positivity is observed in residual myoepithelial cells in a P-cadherin-negative breast carcinoma (B). Pcadherin-positive infiltrating ductal carcinomas (C and D).
Ͼ25% of neoplastic cells (Fig. 1, B-D) . P-cadherinpositive cells were randomly distributed in P-cadherin-positive carcinomas that had a focal immunostaining pattern.
When P-CD expression was correlated with pathological variables, a significant association was found between positive P-CD expression and tumor size, histological grade and number of axillary lymph node metastases ( Table 1) . P-CD-positive breast carcinomas were larger (26 Ϯ 21 cm versus 22 Ϯ 11 cm, P ϭ .0568), of higher histological grade, and had more lymph node metastases than was the case in P-CD-negative breast carcinomas.
When comparing P-CD expression with immunohistochemical variables, a significant association was also found with ER, PR and E-CD (Table1). P-CD-positive breast carcinomas were negative for ER and PR and showed reduced E-CD more frequently than P-CD-negative tumors (Table 1) .
Survival analysis was carried out on 171 patients. The mean follow-up time in this group was 57.02 Ϯ 22.27 months (range, 7 to 100 months; median follow-up period 63 months). Variables analyzed were age, tumor size, histological grade, hormone receptor status, lymph node metastasis, E-and P-CD expression. There were 63 recurrences and 38 deaths in the cohort. Disease-free survival and overall survival differed significantly between classes of P-CD expression, histological grade, number of lymph node metastasis and progesterone receptors, as revealed Kaplan-Meier plots. The probabilities of disease-free and overall survival were significantly lower for patients with P-CD positive tumors ( 2 ϭ 7.296, P ϭ .0069 and 2 ϭ 8.292, P ϭ .004 respectively) (Fig. 2) and those with more lymph node metastasis ( 2 ϭ 28.501, P ϭ .004 and 2 ϭ 20.854, P ϭ .0000, respectively), higher histological grade ( 2 ϭ 12.089, P ϭ .0024 and 2 ϭ 12.908, P ϭ .0016, respectively) and who were PgRnegative ( 2 ϭ 6.456, P ϭ .006 and 2 ϭ 4.116, P ϭ .042, respectively). However, the Cox multivariate analysis identified lymph node metastasis and histological grade as the only independent prognostic factors for disease-free survival ( 2 ϭ 21.231, P ϭ .0000 and 2 ϭ 7.96, P ϭ .0187, respectively) and overall survival ( 2 ϭ 15.346, P ϭ .0005 and 2 ϭ 9.944, P ϭ .0069, respectively).
DISCUSSION
In this study we observed that although P-CD was not expressed in normal epithelial breast tissue, a subset of IDCs showed aberrant P-CD expression, FIGURE 2. Kaplan-Meier curves showing probability of disease-free survival (A) and overall survival (B) for patients with P-cadherin-positive tumors versus patients with P-cadherin-negative tumors (log-rank test). as previously reported (4 -6). The biological significance of P-CD expression in IDCs is poorly understood. We have previously demonstrated that P-CD expression in breast tumors is not related to myoepithelial phenotype (5) . It has been suggested that the anomalous expression of P-CD in breast cancer cells might represent the acquisition of an embryonic phenotype similar to that of cap cells, which are high-proliferative, E-CD negative, ER negative, and P-CD positive (5) . The results of the present study support this hypothesis and suggest that P-CD expression could also be considered to constitute a marker of breast cancer progression, because P-CD expression was present more frequently in larger, poorly differentiated, hormonereceptor-negative and E-CD-negative tumors with greater numbers of lymph node metastases. The present study did not confirm the finding of a previous report in which P-CD expression appeared to be an independent prognostic factor in breast cancer (6) . Although we observed shorter disease-free survival and overall survival time periods in IDC with P-CD expression in the univariate analysis, the multivariate analysis only selected lymph node metastasis and histological grade as independent prognostic factors. Differences in follow-up period could explain the differences between our study and that of Peralta Soler et al. (6) , because these authors analyzed survival after 5 years. In our cohort, differences in survival between P-CD-positive and -negative tumors were more evident at 5 years in the Kaplan-Meier curves, suggesting that although P-CD expression could be a predictor of poor prognosis at 5 years, it loses its prognostic value in long-term follow-up studies. Another important difference between the two studies was sample selection, because the study of Peralta Soler et al. (6) included tumors of different histological types (ductal lobular, medullary, and metaplastic). P-CD expression is related to the histological type of breast carcinomas. Some special histological types such as colloid, papillary, or lobular (4, 5) tend to be P-CD negative, whereas most medullary and metaplastic breast carcinomas are P-CD positive (17) .
In the current study, we found that 35% of IDCs analyzed expressed P-CD in Ͼ5% of tumor cells. This frequency is in contrast to that reported by Peralta Soler et al. (6) , who found that around 60% of IDCs expressed P-CD. However, the immunohistochemistry methodology was similar in both studies, because the same monoclonal antibody and an antigen retrieval step were used. In addition, all tumor sections included in this study had normal breast tissue with myoepithelial cells, which served as a positive internal control. The difference in P-CD expression frequency between both series was probably also related to sample selection, because tumors in Peralta-Soler's series were selected on the basis of their large size, whereas in the current group, nearly 40% of the tumors were T1. This fact could explain not only the differences in the frequency of P-CD expression among series, but also our finding of a relationship between tumor size and P-CD expression, which was not found in the study of Peralta Soler et al.
Although studies of P-CD expression in breast cancer are scarce, many studies have analyzed E-CD expression in such tumors. Most of them have reported an association between E-CD expression and histological type and differentiation. However, the relationship between E-CD expression and lymph node metastases and survival remains controversial (6, 15, 18 -24) . As has been suggested, contradictory results probably reflect the difficulty of evaluating decreased protein expression in tumor cells, which need not only optimal tissue processing but also a homogeneous system in order to be evaluated (6) . A relationship between P-CD expression and reduced E-CD expression has been observed in the present and previous studies (5, 6), suggesting that E-and P-CD might be regulated in a contrary manner. In breast cancer, although several mechanisms, such as gene mutation, gene promoter hypermethylation, or disruption of the cadherin-catenin complex (25) , appear to be responsible for down-regulation or loss of expression of E-CD, they apparently cannot explain why P-CD is up-regulated in some cases. Regulation of both Eand P-CD in tumor tissue may involve a specific transcriptional mechanism, because E-and P-CD genes are both located at 16q22 and contain promoter with similar putative regulatory elements (13) . Interestingly, P-CD expression in the current and previous series (5, 6) is associated with negative estrogen and progesterone receptors, whereas E-CD expression is associated with positive estrogen and progesterone receptors. It is well known that estrogens are capable of stimulating E-CD expression (26) and that the promoter region of the mouse E-CD gene contains progesteroneresponsive elements (27) . It is possible that P-CD expression in breast carcinomas is related to a phenotype that is insensitive to circulating hormones, as has been suggested in the case of prostate cancer where P-CD and PSA expression are mutually exclusive in tumor cells (14) .
In conclusion, the results of the current study indicate that although P-CD expression occurs more frequently in poorly differentiated, hormone receptor-negative, lymph node-positive infiltrating ductal carcinomas, its value as an independent prognostic factor remains to be established.
